Introduction
Ef fective management of inpatient hyperglycemia may improve patient outcomes in many clinical situations (e.g., by reducing mortality from acute myocardial infarction and decreasing deep sternal wound infections). [1] [2] [3] [4] Consequently, national and regional organizations [5] [6] [7] [8] and professional societies [1] [2] [3] 8, 9 have developed guidelines and tool kits for management of inpatient hyperglycemia. The general perception of many health care providers is that inpatient diabetes care is in a state of "glycemic chaos;" 10 multiple analyses have demonstrated gaps in the quality of inpatient diabetes care. [11] [12] [13] [14] Although inpatient management of hyperglycemia is often criticized, it should be acknowledged that glycemic control in the hospital poses unique challenges. The population of inpatients with hyperglycemia is diverse and often described as encompassing patients with preexisting diabetes, with previously undiagnosed diabetes, or with hyperglycemia that develops because of acute illness or specific medical therapies (e.g., high-dose glucocorticoids). There are also critically ill patients, noncritically ill patients, and others who migrate in and out of these clinical states during their hospitalization.
Adding to this complexity are other factors that create a dynamic situation: short lengths of stay, unpredictable timing of procedures, various and changing forms of nutritional support, and different levels of expertise among medical staff members. Furthermore, insulin is considered a high-risk medication, which might add to practitioner unease about inpatient use. [15] [16] [17] Hospital quality improvement efforts must include all subsets of hyperglycemic patients.
Given the complex nature of inpatient hyperglycemia management, improving hospital care (i.e., creating "glycemic order" out of "glycemic chaos") 18 likely will require intensive, coordinated, prolonged, and multipronged educational programs reaching all types of health care practitioners. One group of practitioners that should benefit from a dedicated educational program is resident physicians, who may care for as many as 50% of our hospitalized diabetes patients. 13 Our previous studies confirmed the need for a dedicated educational program on inpatient diabetes and hyperglycemia. Our hospital data indicate an ever-increasing prevalence of inpatients with these conditions, from 14% of all 1999 discharges to 22% in 2007. Previous analyses have also shown the need for improved care: more than 40% of patients admitted with poor glucose control were discharged with poor control. 13 Although nearly all admission notes appropriately acknowledged diabetes in newly admitted patients, the condition was subsequently addressed in only about 60% through daily progress notes.
14 Moreover, insulin therapy was often improperly applied (i.e., overuse of sliding scale) and subject to both clinical inertia (i.e., failure to intensify therapy despite persistent hyperglycemia) and negative therapeutic momentum (i.e., deintensification of therapy despite persistent hyperglycemia). 13, 14, 19 A survey to explore practitioner attitudes about inpatient diabetes was developed and administered to resident physicians. 20 Results confirmed that residents viewed inpatient hyperglycemia as highly prevalent and glucose control as important. Although they indicated that diabetes and hyperglycemia cases composed a large proportion of their inpatient practices, these respondents expressed discomfort about management. 20 Knowledge deficits were identified that pertained to insulin use and existing institutional policies on glucose management. These findings were echoed in surveys of inpatient midlevel practitioners (i.e., nurse practitioners and physician assistants) 21 and residents in a training program in a different geographic area. 22 Common themes in these resident surveys included lack of comfort with glucose management, low familiarity with diabetesrelated institutional policies and procedures, and poor understanding of how best to apply insulin therapy. 20, 22 Computer-based training (CBT) is one approach to enhance clinical skills that has garnered attention for use in undergraduate and graduate medical training. [23] [24] [25] [26] General principles for the design and development of a CBT curriculum include interactivity, learner feedback, accessibility, and integration with the core curriculum. [27] [28] [29] [30] In this paper, we discuss the design and implementation of an inpatient diabetes educational curriculum crafted specifically for our resident physicians. The curriculum focuses on diabetes and hyperglycemia management in the acute care setting and was developed in three phases: (1) content development, (2) delivering content via lectures, and (3) migration of the curriculum to a Web-based CBT format. We give an overview of course content, describe the CBT format, and review preliminary data on resident satisfaction with its use. 
Methods

Overview of Institution
Our tertiary care academic medical center is a facility with 200-plus beds in metropolitan Phoenix, Arizona. All adult general medical and surgical specialty services are represented; inpatient pediatric care and obstetric care are not offered. Inpatient care is provided by resident physicians, students in allied health and medical schools, physician assistants, nurse practitioners, and staff physicians.
Our institution offers numerous accredited residency and fellowship training programs. However, the inpatient diabetes curriculum was designed for resident physicians most likely to be directly involved in management of inpatient diabetes on an ongoing basis, rather than for other types of trainees with primarily consultative roles (e.g., dermatology residents, fellows in gastroenterology, hematology/oncology, or epilepsy). Prior research indicated that nearly 75% of diabetes inpatients at our facility are managed on either on the primary care services (i.e., family medicine or general internal medicine) or on the surgical services. 13, 14 Hence, the CBT curriculum was designed to target trainees in family medicine, general internal medicine, and general surgery. Although residents routinely attended lectures on management of several inpatient conditions, they had no access to dedicated instruction on inpatient diabetes other than on diabetic ketoacidosis and hyperglycemic crisis.
Institutional electronic educational resources are coordinated through the system-wide Education Technology Center (ETC). The ETC goals are two-fold: (1) to ensure the highest quality of patient care by capturing, indexing, storing, and delivering medical knowledge and (2) to assess and implement technology in support of an environment of lifelong learning. The ETC provides a spectrum of online education, from curriculum-based, instructor-led courseware to self-directed point-of-care learning.
Training Curriculum and Computer-Based Training Course
After a preliminary curriculum was developed, its content was initially provided as lectures during a series of family medicine and internal medicine 1 h noon conferences. The lectures were not delivered to surgical residents, but the surgical training program director reviewed lecture content and provided feedback to the curriculum developers on its relevancy to trainees. Between 2006 and 2008, the lectures were delivered twice to internal medicine and once to family medicine residents. The terms diabetes and hyperglycemia were used interchangeably, because patients with diabetes may have hyperglycemia and because hyperglycemic patients, even without a diabetes diagnosis, often require treatment and education comparable to that for patients with known diabetes.
However, delivering recurring lectures to multiple training programs was time-intensive for the presenter, which led to the design of the current seven-module CBT curriculum. In addition, a CBT approach allows for immediate interaction between learner and curriculum. After completing the lecture series and receiving informal feedback from residents, curriculum objectives were finalized, revisions made in content and format, and the curriculum imported into a CBT environment using Articulate Presenter 5.2 and Articulate Engage (Articulate Global, Inc., New York, NY); this software allows rapid development of CBT from existing lecture materials while permitting interactivity to maintain learner engagement. Case studies and computerized physician order entry (CPOE) simulations were developed using Adobe Captivate (Adobe Systems, Inc., San Jose, CA) to provide learner practice and feedback. Tracking participation and completion of the curriculum were done with a learning management system (Pathlore 6.6 Learning Management System, SumTotal Systems, Inc., Mountain View, CA).
The inpatient diabetes CBT curriculum was placed on our institutional intranet, where Web-based training is a standard method of accessing and tracking mandatory education. All family medicine (typically during their third year) and internal medicine (typically during their second year) residents rotate through the Division of Endocrinology within the Department of Internal Medicine. Hence the inpatient diabetes CBT was required as part of the endocrinology rotation, and dedicated time was built into the residents' clinical calendar so they could complete it during work hours in compliance with resident work-hour restrictions; they were scheduled to complete one module per day over seven consecutive days. For general surgery residents, the CBT curriculum was incorporated into their training requirements. The curriculum can be accessed from any computer anywhere within the institution or by remote access.
Computer-Based Training Content
The CBT curriculum consists of seven online modules. In addition to the overall curriculum objectives, which are presented at the beginning of the course, each module has its own specific objectives. Modules 1 and 2 consist of introductory material. Module 1 reviews data on the relationship between inpatient hyperglycemia and hospital outcomes; [1] [2] [3] [4] several examples of clinical studies from the surgical literature make the topic relevant to surgical trainees. Module 2 summarizes our institution-specific data on inpatient diabetes care and glycemic control. 13, 14 Modules 3 to 7 focus on principles of hospital management of diabetes and hyperglycemia. Although such management is a continuum (e.g., discharge planning should begin early after hospitalization and changes in therapy may occur until discharge), for the purpose of organizing the curriculum, inpatient care is conceptualized in three segments (Figure 1) . A case-based approach is used throughout modules 3 to 7; residents are required to answer questions about case scenarios and are provided feedback on their responses. Segment 1 of care (Figure 1 , initial recognition and triage, module 3) discusses actions required within the first 24 h after admission. The importance of recognizing the patient with diabetes or hyperglycemia early on is underscored. Likewise, the need to correctly categorize the type of diabetes (e.g., so that insulin is not withheld from patients with type 1 diabetes) is emphasized. Module 3 proposes an initial treatment scheme based on the severity of hyperglycemia (Figure 2) , the type of diabetes, and the mode of outpatient therapy (Figure 3) . The pathways in Figures 2 and 3 illustrate one approach on how to generate awareness about the need to recognize the presence of diabetes and/or hyperglycemia early in the hospital stay and how to individualize initial therapy. The pathway outlined in Figure 2 Residents are counseled against using oral hypoglycemic agents unless the patient is stable (e.g., in the inpatient rehabilitation unit). 1, 31 A sliding scale approach to insulin use is discouraged for severe hyperglycemia because of the proven lack of efficacy, 32,33 whereas a basal-prandialbolus approach to hyperglycemia treatment is encouraged as the principal means of providing insulin therapy because of its superior ability to control hyperglycemia. 1, 34 Moreover, structured insulin order sets and computerbased algorithms can lead to better application of insulin therapy. 35 Instruction is provided on how to calculate doses of each component of insulin therapy. We use a weight-based formula, with 0.5 U of insulin administered per kilogram as an example of how to estimate total daily insulin dose. [34] [35] [36] Cases are presented throughout the modules that require learners to practice calculating insulin doses (Figure 4) . The trainee can click on a pop-up window on the computer screen that reviews insulin-dosing formulas. After completing a calculation, the resident can select "submit" to determine its correctness. Answers are acceptable if they fall within a narrow range, which accounts for possible differences in rounding during calculations (Figure 4) . If necessary, the learner can make multiple attempts at the calculation. Our previous data indicated that diabetes is often "forgotten" after admission, 13 hence the emphasis on daily bedside assessment of glucose values and adjustments in insulin therapy.
Module 6 reviews existing institutional policies and procedures for recognizing and treating hypoglycemia and for using subcutaneous insulin order sets. Although patients on insulin pump therapy are encountered infrequently, this module also reviews institutional guidelines and procedures we developed to follow up on patients already on outpatient insulin pump therapy.
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Simulations are also provided to guide residents in placing subcutaneous insulin and insulin pump orders in the institutional CPOE system. Segment 3 of care (Figure 1, module 7 ) discusses discharge planning and establishes the criteria for a successful transition from inpatient to outpatient settings. Module 7 discusses effective discharge planning as a national priority 7, 31, 38, 39 and delineates the mechanisms within our institution that facilitate an effective diabetes discharge. 40 Since our institution does not deploy a rapid-response diabetes education team, emphasis is placed on early identification of deficits in patient knowledge so that education can begin before discharge.
Educational Curriculum and Computer-Based Training Assessment
Residents are asked to complete an online evaluation after each training module. Each module has a set of common questions that address whether the program met stated objectives, whether the information was valuable to their inpatient practice, and whether the quality of the online modules met their expectations. Possible responses are "not applicable," "no opinion," "strongly disagree," "disagree," "agree," and "strongly agree." Each module also queried the residents about the time it took for completion; choices were "too long," "too short," and "just the right amount of time." The actual time spent on each module was also determined by calculating the difference between the log-out and log-in time recorded in the learning system. In addition to these universal questions, evaluative questions asked to what extent the module-specific objectives had been met. Residents can select "not applicable," "no opinion," "strongly disagree," "disagree," "agree," or "strongly agree." At the completion of the CBT curriculum, residents complete a cumulative assessment of how well they believe the curriculum objectives were met as a whole. Possible responses for each objective are "objective not met," "objective partially met," and "objective fully met."
Results
Resident Feedback
Development of the inpatient diabetes CBT curriculum was completed by August 2008, and residents began using it in September 2008. From September 2008 to August 2009, a total of 29 residents completed all seven modules (8 from family medicine, 12 from general internal medicine, and 9 from general surgery). Table 1 lists the number of residents completing the evaluations for each module. Of those who completed the evaluations, the majority agreed or strongly agreed that each module met its stated objectives. In addition, most (≥90%) residents agreed or strongly agreed that the information in each module was valuable to their inpatient practice, that the quality of the online modules met their expectations, and that the information would be valuable to their inpatient clinical practice (data not shown). Among the residents who completed the final summary evaluations, most indicated that the overall curriculum objectives had been fully met ( Table 2) .
Time Spent on Modules
Most (≥92%) of residents who completed evaluations indicated that the modules took just the right amount of time. The average time residents spent on module 1 was 30 min, module 2 was 28 min, module 3 was 31 min, module 4 was 32 min, module 5 was 27 min, module 6 was 29 min, and time spent on module 7 was 27 min.
Limitations and Future Directions of Study
A future study will be needed to investigate whether the residents were able to successfully apply lessons learned from the CBT curriculum to the real-world hospital setting. Although residents indicated that they viewed the CBT curriculum and its content favorably, it is too early to determine whether this training will have any actual impact on care with improved glucose control, better application of insulin therapy, and increased provider comfort in managing patients with diabetes. The efficacy of the educational program will be included as part of a future investigation.
The goal of the CBT curriculum was to provide a highlevel approach to managing diabetes and hyperglycemia cases across the hospitalization spectrum-from admission to discharge. Hence the current CBT curriculum provides only general principles of diabetes and hyperglycemia care, rather than detailed management suggestions about specific situations (e.g., the wide glucose fluctuations that may occur with rapid titration of corticosteroid therapy or use of insulin during various methods of nutritional support). However, the application of the general principles of care outlined in the curriculum should enable residents to more readily adapt to different hospital scenarios.
The CBT curriculum emphasizes instruction in subcutaneous rather than intravenous insulin therapy, and it does not address treatment of diabetic ketoacidosis or hyperglycemic crisis, because these conditions are generally covered elsewhere in the training program. Also, since our institution does not provide inpatient obstetric or pediatric care, the curriculum does not address glucose control during labor and delivery or management in children.
The content of the CBT curriculum will require periodic review and updating, as new data and recommendations for inpatient diabetes management become available from our institution or external sources. For example, national recommendations for glucose targets in critically ill patients were revised 2 on the basis of findings from the NICE-SUGAR (Normoglycemia in Intensive Care Evaluation Survival Using Glucose Algorithm Regulation) trial 41 and will require changes to the introductory material in module 1 to reflect the controversy of glucose targets. Moreover, our institution is transitioning to a new electronic medical record by 2010, which will require changes in the insulin-ordering simulations presented in module 6.
Finally, other health care professionals, both internal and external to our institution, may find the CBT curriculum relevant to their practice. Our previous data indicated that our own inpatient midlevel practitioners had similar knowledge deficits and expressed barriers to care comparable to those expressed by our residents. 21 Offering the CBT curriculum to inpatient nurse practitioners and physician assistants might be another step toward enhancing care of hospitalized diabetes patients. In addition, residents training elsewhere also expressed barriers to inpatient diabetes and hyperglycemia management similar to those voiced by our trainees; 22 hence trainees in other institutions may find the CBT curriculum helpful. Deleting our institution-specific quality-of-care data would make the CBT curriculum applicable to a wider audience of health care professionals in other clinical settings and at other institutions.
Conclusions
Multiple regional and national associations and quality improvement organizations have focused attention on inpatient diabetes care. Although treatment of hospital hyperglycemia is strongly emphasized, there is more to inpatient diabetes management than controlling glucose levels. Inpatient diabetes care must span the length of the hospitalization from admission to discharge. For the best outcomes for patients with diabetes and hyperglycemia, hospital-based care should be organized and systematic. The curriculum (and its associated CBT) reviewed here represents an attempt to teach a general set of principles to a specific group of physicians who provide care for a large number of these patients. Its continued use by residents and its implementation for use by other groups of health care professionals should facilitate further refinement of the curriculum content.
